MicroRNA deregulation is crucial for cancer development. Studies showed that polymorphisms in miRNA genes could affect miRNA expression, which might be associated with cancer development. In the current study, we investigated the association of seven single nucleotide polymorphisms (SNPs) in seven miRNA genes with the initiation and development of cervical cancer in a Chinese Han population. The SNPs of 358 cervical intraepithelial neoplasia (CIN) patients, 547 cervical cancer patients and 567 healthy individuals were genotyped using TaqMan assays. Moreover, we evaluated the association of the seven SNPs with the different stages of cervical cancer. Our results showed that rs4636297 in miR-126 was associated with susceptibility to CIN and cervical cancer (P=0.019 and 0.019, respectively) and that the T allele was associated with a higher risk of CIN (OR=1.334, 95% CI: 1.049-1.698) and cervical cancer (OR=1.296, 95% CI: 1.044-1.609). Similarly, rs11614913 in miR-125a was associated with CIN and cervical cancer (P=0.025 and 0.015, respectively), and the T allele might be the protective factor for CIN (OR=0.807, 95% CI: 0.669-0.974) and cervical cancer (OR=0.814, 95% CI: 0.689-0.961). Our results indicated that rs4636297 in miR-126 and rs11614913 in miR-196a2 play an important role only in the initiation of cervical cancer not in the development of CIN to cervical cancer.
Introduction
Cervical cancer is the second most common malignant tumour among women after breast cancer worldwide [1] . Most cervical cancers (up to 99%) are associated with oncogenic human papillomavirus (HPV) [2] . However, almost all low-risk HPV infections and more than two thirds of high-risk HPV infections are eradicated over a 24-month period [3, 4] , and only a small fraction of women infected with HPV will develop cervical cancer [5] . Thus, other factors might also be important during the initiation and development of cervical cancer, such as host genes, reproductive behaviour [6] , sexual activity [7] and nutritional factors [8] .
MicroRNAs (miRNAs) are a group of short, single-stranded, non-coding RNAs (approximately 18-25 nucleotides in length) that regulate the expression of up to 30% of human genes through targeting the 3′-untranslated region (3′-UTR) or 5′-UTR [9] . Therefore, miRNAs are involved in almost every biological process, such as proliferation [10] , apoptosis [11] , migration and invasion [12] . In cervical cancer, abundant miRNAs were found to be restored, and this process was related to cervical cancer development and prognosis [13, 14] . The lengths of miRNA genes are usually significantly shorter than those of coding genes; consequently, single nucleotide Ivyspring International Publisher variations (like single nucleotide polymorphisms, SNPs) in miRNA genes could affect mature progression of miRNAs, resulting in aberrant gene expression [15, 16] , which might be the mechanism through which SNPs in miRNA genes are associated with human cancer susceptibility [17] [18] [19] [20] [21] [22] . In 2016, Wang et al. demonstrated that a polymorphism in miR-155 was associated with cervical cancer risk [23] . Moreover, our previous study showed that rs11134527 in miR-218 and rs531564 in miR-124 were associated with cervical cancer susceptibility in a Chinese Han population [24] .
In the current study, we investigated the distribution of another seven SNPs in miRNA genes (rs543412 in miR-100, rs999885 in miR-106b, rs1143770 in let7-a-2, rs2296616 in miR-107, rs8111742 in miR-125a, rs4636297 in miR-126 and rs11614913 in miR-196a2) in the different steps of cervical cancer (CIN and cervical cancer). Moreover, we analysed the association of these SNPs with the initiation and development of cervical cancer.
Methods

Ethical approval and informed consent
All procedures were in accordance with the ethical standards of the responsible committee on human experimentation and with the Helsinki Declaration of 1964, which was revised in 2013. All experimental protocols used in this study were approved by the Institutional Review Boards of the No. 3 Affiliated Hospitals of Kunming Medical University. All participants provided written informed consent.
Study population
In the current study, 358 patients with CIN and 547 patients with CC were recruited after diagnosis according to "Diagnosis and Treatment Obstetrics and Gynaecology" and FIGO stage (International Federation of Gynaecology and Obstetrics, 2009) at the 3rd Affiliated Hospital of Kunming Medical University from 2012-05 to 2016-08. The inclusion criteria: ① the CIN and cervical cancer patients were diagnosed according to "Diagnosis and Treatment Obstetrics and Gynaecology" and International Federation of Gynaecology and Obstetrics, 2009; ② the patients in case groups were not suffering with any other malignancy, and the control individuals had no history of cancer and other chronic diseases; ③ the patients had not received preoperative neoadjuvant therapies (including chemotherapy and radiotherapy). The exclusion criteria: ① the patients with a prior history of primary cancer other than cervical cancer; ② the patient with malignant tumors except cervical cancer; ③ the patients receiving radio therapy or chemotherapy, and unclear pathological diagnosis. Over the same period, 567 healthy women from the healthy screening project at the same hospital served as the healthy controls in the current study.
SNP selection and genotyping
All SNPs selected had minor allele frequencies in the Chinese Han population greater than 5% in the Ensembl database (http://asia.ensembl.org/index. html). SNP-rs999885 is located in the promoter region, while the other SNPs are located in the prI-miRNA sequence. These regions are associated with miRNA gene transcription or miRNA processing and maturation.
Venous blood of the subjects was collected into anticoagulant tubes, and the genomic DNA was extracted from peripheral lymphocytes using a QIAamp Blood Mini Kit (Qiagen, Hilden, Germany). The seven SNPs in the miRNA genes were genotyped using TaqMan Assays. The probes and primers were designed and produced by Thermo Fisher Scientific Company (Waltham, MA, USA), and the TaqMan Master Mix was also from Thermo Fisher Scientific Company. The PCR amplifications were carried out in 384-well reaction plates (MicroAmp™ Optical 384-Well Reaction Plate, Thermo Fisher Scientific Company). The amplification system comprised 2.5μL 2× Master Mix, 0.125 μL 40× primer and probe (FAM and VIC) mix, 1.375 μL ddH2O and 1 μL genomic DNA (equivalent ddH 2 O in the negative control). The amplification was conducted in a QuantStudio 6 Flex Fast Real-Time PCR system using the following conditions: 95℃ pre-heat denaturing for 10 min; 92℃ heat denaturing for 10 s and 60 ℃ annealing and extension for 1 min, all repeated for 40 cycles. The data were analysed using QuantStudioTM real-time PCR software (Thermo Fisher Scientific Company). The genotyping results were confirmed through sequencing the SNPs from the subjects with each genotype.
Statistical analysis
The statistical analyses were performed using SPSS 19.0 software (IBM Corporation, Armonk, New York, USA) and Microsoft Excel (Microsoft Corporation, Redmond, Washington, USA). The representativeness of the subjects in the current study was evaluated using the Hardy-Weinberg equilibrium (HWE). Logistic regression was used to evaluate the effects of the SNPs on the risk of cervical cancer development with age as a covariate, and ORs with 95% confidence intervals (CIs) were calculated. The effects of the SNP genotypes on the risk of cervical cancer were analysed using inheritance model analysis. Three inheritance models, namely, codominant, dominant and recessive, were analysed using SPSS. A P value less than 0.05 was considered statistically significant for statistical analysis.
Results
Subject characteristics
The characteristics of the individuals enrolled in present study are listed in Table 1 . The ages of the CIN, cervical cancer and control groups were not significantly different (P>0.05). In the CIN group, 34 patients had low-degree CIN (CIN 1), and 324 had high-degree CIN (CIN 2-3). In the cervical cancer group, there were 447 patients with squamous cell carcinoma (SCC), 87 patients with adenocarcinoma (AC) and 13 patients with other pathological types. 
Association of the seven SNPs with CIN and cervical cancer
The association of these seven SNPs in miRNA genes with CIN and cervical cancer was analysed, and the results calculated using logistic regression are presented in Table 2 and Table 3 . The results showed that the T allele of rs4636297 in miR-126 was associated with higher risk of CIN (P=0.019; OR=1.334, 95% CI: 1.049-1.698) and cervical cancer (P=0.019; OR=1.296; 95% CI: 1.044-1.349). The T allele of rs11614913 occurred more frequently in the control groups than in the cervical cancer groups (P=0.025 and 0.015), and it might be associated with a decreased risk for CIN (OR=0.807, 95% CI: 0.669-0.974) and cervical cancer (OR=0.814, 95% CI: 0.689-0.961). Moreover, the genotypic frequencies for rs4636297 and rs11614913 were significantly different between the CIN and control groups (P=0.003 and 0.021, respectively), and between the cervical cancer and control groups (P=0.028 and 0.043, respectively).
Inheritance model analysis of these seven SNPs
Three inheritance models (including codominant, dominant, and recessive) were analysed, and the results are shown in Table 4 . The results showed that the TT genotype of rs4636297 was a risk factor for CIN (OR=3.611, 95% CI: 1.624-8.030) and cervical cancer (OR=2.343, 95% CI: 1.056-5.197) compared with C/C-C/T genotype. For rs11614913, the T/C-C/C genotype was associated with a higher risk of CIN (OR=1.556, 95% CI: 1.126-2.151) and cervical cancer (OR=1.343, 95% CI: 1.018-1.771) compared with the T/T genotype.
Discussion
Several studies have reported aberrant expression of miRNAs in various human cancers [25, 26] . Polymorphisms in miRNA genes could affect miRNA biological processes, resulting in miRNA deregulation that could be associated with cancer development [16, 27] . In the current study, we found that rs4636297 in pri-miR-126 and rs11614913 in miR-196a2 were associated with the progression of cervical cancer.
MiR-126 is located in intron 7 of egfl7 and plays important roles in angiogenesis and inflammation [28] [29] [30] . In most human cancers, miR-126 functions as a tumour suppressor, and studies have revealed the downregulation of miR-126 in cancerous tissues compared with noncancerous tissues [31] [32] [33] [34] . In 2008, Wang et al. identified the downregulation of miR-126 in cervical cancer [35] . Rs4636297 is located 12 bp downstream of the pre-miR-126 sequence, and this region might be associated with Drosha recognizing and cleaving the pri-miRNA [27] . Thus, this SNP might affect the expression of miR-126, and it could also be associated with human cancers. In the current study, we showed that rs4636297 in the miR-126 gene was associated with CIN and cervical cancer in a Chinese Han population. However, Yang et al. did not find an association between this SNP and breast cancer in German women [36] . The discrepancy might be because the two studies selected different populations with different genetic backgrounds. The frequency of the A allele of rs4636297 is 36.4% in the European population, while it is only 18.7% in the East Asian population. The second reason for the discrepancy is that the two studies selected different diseases in which miR-126 might play different roles. However, it will be valuable to carry out functional and associational studies to explore the roles of rs4636297 in human cancers in the future, since the location of this SNP might affect biogenesis. SNP rs11614913, a polymorphism site in mature miR-196a2, has been widely studied in various human cancers, and the results of such studies indicated that rs11614913 was associated with various human cancers [37] [38] [39] [40] ; however, Zhang et al. found a lack of association between this SNP and gastric cancer [41] . In the current study, our results showed that this SNP was associated with CIN and cervical cancer in the Chinese Han population. Furthermore, the C allele of rs11614913 might be a risk factor for CIN and cervical cancer. Our result was consistent with the Thakur et al results [42] . In 2016, Torruella-Loran et al. found that rs11614913 in miR-196a2 has a function in regulating the expression of several genes involved in cancer [43] . SNPs located in the mature sequences of miRNA genes might affect miRNA biogenesis and recognition of target mRNAs [16] . As rs11614913 is located in the mature sequence of miR-196a2, our results indicated that rs11614913 might be associated with cervical cancer in this way.
The roles of miR-107 are different for different cancers. For example miR-107 is a suppressor of breast cancer [44, 45] , renal cancer [46] and glioma [47] ; in contrast, this miRNA can promote human gastric cancer [48, 49] and hepatocellular carcinoma [50] . In 2014, Wang et al. found that the TT genotype of rs2296616 was a risk factor for gastric cancer [51] . In addition, they also found that the TT genotype was associated with higher miR-107 expression than the CC genotype [51] . MiR-125a is a suppressor of colon cancer [52] , prostate cancer [53] , ovarian cancer [54] , breast cancer [55] and prostate cancer [56] . In cervical cancer, miR-125a suppresses tumour growth, invasion and metastasis by targeting STAT3. In 2016, Xu et al. [57] reported that the AA genotype of rs8111742 in miR-125a increased the risk for gastric cancer associated with H. pylori, and this same effect was found by Wu et al. [58] in the H. pylori-positive group. SNP rs999885, located at the promoter region of the miR-106b-25 cluster, has been reported to be associated with the risk for hepatocellular carcinoma [59] . It was reported that rs1143770 in the let7-a-2 gene is associated with non-small-cell lung cancer [60] but not gastric cancer [61] . In the current study, we did not find that rs2296616, rs8111742, rs999885 and rs1143770 were associated with cervical cancer. The reasons for these differences between the other studies and the current study could be the various roles of the same miRNAs in different human cancers, and this possibility is supported by the tissue-specific expression of miRNAs [62] . Thus, it is necessary to investigate the function of the SNPs in miRNA genes in specific tissues.
Conclusion
The current study investigated the association of seven SNPs in miRNA genes (rs543412 in miR-100, rs999885 in miR-106b, rs1143770 in let7-a-2, rs2296616 in miR-107, rs8111742 in miR-125a, rs4636297 in miR-126 and rs11614913 in miR-196a2) with the initiation (control VS CIN) and development of cervical cancer (CIN VS cervical cancer). The results showed that rs4636297 and rs11614913 were associated with the risk of CIN and cervical cancer. However, these two SNPs did not play roles in the progression from CIN to cervical cancer. Therefore, rs4636297 in miR-126, and rs11614913 in miR-196a2, might only be associated with the initiation of cervical cancer, not the development of CIN to cervical cancer.
